Synthesis of sorbitol fatty acid ester through esterification of sorbitol with azelaic acid catalysed by germanium (IV) oxide by Nurwadiah, Azizan
  
 
 
 
 
SYNTHESIS OF SORBITOL FATTY ACID ESTER THROUGH 
ESTERIFICATION OF SORBITOL WITH AZELAIC ACID 
CATALYSED BY GERMANIUM (IV) OXIDE 
 
 
 
 
 
 
 
NURWADIAH BINTI AZIZAN 
 
 
 
 
 
 
 
 
BACHELOR OF CHEMICAL ENGINEERING 
UNIVERSITI MALAYSIA PAHANG 
  
 
 
 
SYNTHESIS OF SORBITOL FATTY ACID ESTER THROUGH 
ESTERIFICATION OF SORBITOL WITH AZELAIC ACID 
CATALYSED BY GERMANIUM (IV) OXIDE 
 
 
 
 
 
NURWADIAH BINTI AZIZAN 
 
 
 
 
 
Thesis is submitted in partial fulfilment of the requirements 
for the award of the degree of 
Bachelor of Chemical Engineering 
 
 
 
 
Faculty of Chemical & Natural Resources Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
 
 
 
JUNE 2017 
 
 
 
 
 
 
ii 
 
 
 
SUPERVISOR’S DECLARATION 
 
We hereby declare that we have checked this thesis and in our opinion, this thesis is 
adequate in terms of scope and quality for the award of the degree of Bachelor of 
Chemical Engineering. 
  
 
 
Signature    :  
Name of main supervisor :  
Position   : SENIOR LECTURER 
Date    : JUNE 2017 
 
 
iii 
 
 
 
STUDENT’S DECLARATION 
 
I hereby declare that the work in this thesis is my own except for quotations and 
summaries which have been duly acknowledged. The thesis has not been accepted for any 
degree and is not concurrently submitted for award of other degree 
 
 
Signature : 
Name  : NURWADIAH BITNI AZIZAN 
ID Number : KE13011 
Date  : JUNE 2017 
 
  
iv 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dedicated to my parents and my siblings. 
 
 
v 
 
 
ACKNOWLEDGEMENT 
 
I would like to express my special appreciation and thanks to my supervisor, Associate 
Prof. Ir. Dr. Chin Sim Yee. You have been a brilliant mentor for me. I would like to thank 
you for your never ending support during my tenure as research student under your 
guidance, for giving insightful comments and suggestions of which without it, my 
research path would be a difficult one. Your advice on my research has been valuable. 
My fullest appreciation goes as well to my co-supervisor, Muhamad Ridzuan bin 
Kamruzaman for his idea and support from the beginning till the end of my research. 
 
A special thanks to my family. Words cannot express how grateful I am to my mother, 
father and siblings for the love and support throughout these years. Your prayer for me 
was what sustained me thus far. 
 
I would also like to thank all of my friends who supported me in writing, and motivate 
me to strive towards my goal. I am sincerely grateful to the staffs of Chemical Engineering 
and Natural Resources Faculty who helped me in many ways and made my stay in UMP 
pleasant and unforgettable.  
 
 
 
viii 
 
 
TABLE OF CONTENT 
 
 
Content           Page 
ACKNOWLEDGEMENT v 
ABSTRACT vi 
ABSTRAK vii 
TABLE OF CONTENT viii 
LIST OF TABLE x 
LIST OF FIGURES xii 
LIST OF ABBREVIATIONS xiii 
CHAPTER 1 1 
INTRODUCTION 1 
1.0 Chapter Overview 1 
1.1 Background of Study 1 
1.2 Motivation 2 
1.3 Problem Statement 3 
1.4 Objectives 4 
1.5 Scopes of Study 4 
CHAPTER 2 5 
LITERATURE REVIEW 5 
2.0 Chapter Overview 5 
2.1 Synthesis Method of Polyurethane from Polyester Polyol 5 
2.2 Synthesis Method for Polyester Polyol 7 
2.3 Heterogeneous Acid Catalyst for Esterification of Polyol with Fatty Acid 9 
2.4 Reactants for Bio-based Polyester Polyol Synthesis 10 
2.3.1 Polyols 10 
2.3.2 Fatty Acids 12 
CHAPTER 3 14 
METHODHOLOGY 14 
3.0 Chapter Overview 14 
3.1 Chemicals 14 
3.2 Experimental Procedure 16 
3.2.1 Esterification Reaction Study 16 
3.3 Product Analysis 19 
3.3.1 Determination of Acid Value (AV) by Titration 19 
3.3.2 Analysis of Product by Gas Chromatography 20 
ix 
 
 
3.4 Rate of Reaction 22 
CHAPTER 4 24 
4.0 Chapter Overview 24 
4.1 Esterification of Sorbitol and Azelaic Acid 24 
4.1.1 Effect of Reaction Temperature 25 
4.1.2 Effect of Molar Ratio of Sorbitol to Azelaic Acid 27 
4.1.3 Effect of Catalyst Loading 29 
4.2 Product Analysis 32 
CHAPTER 5 33 
REFERENCES 35 
APPENDICES 40 
 
 
x 
 
 
LIST OF TABLE  
 
Table No.      Title       Page 
Table 2-1: Previous studies of esterification of polyol with fatty acid 13 
Table 3-1: List of chemicals 15 
Table 3-2: Description of apparatus in esterification reaction study 17 
Table 3-3: GC Model 7890A Agilent Technology Specifications 21 
Table 4-1: Initial rate of reaction at 160˚C, 180 ˚C, 200 ˚C and 200 ˚C 27 
Table 4-2: Initial rate of reaction with molar ratio (SB:AA) at 1:1, 2:1, 3:1 and 4:1 29 
Table 4-3: Initial rate of reaction at different catalyst loading 31 
Table A-1:  Experimental details for reaction temperature of 160˚C 41 
Table A-2:  Data for KOH standardization for reaction temperature of 160˚C 41 
Table A-3:  Sample analysis from titration method for reaction temperature of 160˚C 41 
Table A-4:  Experimental details at reaction temperature of 180˚C 42 
Table A-5:  Data for KOH standardization for reaction temperature of 180˚C 42 
Table A-6:  Sample analysis from titration method for reaction temperature of 180˚C 42 
Table A-7:  Experimental details at reaction temperature of 200˚C 43 
Table A-8:  Data for KOH standardization for reaction temperature of 200˚C 43 
Table A-9:  Sample analysis from titration method for reaction temperature of 200˚C 43 
Table A-10:  Experimental details at reaction temperature of 220˚C 44 
Table A-11:  Data for KOH standardization for reaction temperature of 220˚C 44 
Table A-12:  Sample analysis from titration method for reaction temperature of 220˚C
 44 
Table A-13:  Experimental details for molar ratio of 1:1 (SB:AA) 45 
Table A-14:  Data for KOH standardization for molar ratio of 1:1 (SB:AA) 45 
Table A-15:  Sample analysis from titration method for molar ratio of 1:1 (SB:AA) 45 
Table A-16:  Experimental details for molar ratio of 2:1 (SB:AA) 46 
Table A-17:  Data for KOH standardization for molar ratio of 2:1 (SB:AA) 46 
Table A-18:  Sample analysis from titration method for molar ratio of 2:1 (SB:AA) 46 
Table A-19:  Experimental details for molar ratio of 3:1 (SB:AA) 47 
Table A-20:  Data for KOH standardization for molar ratio of 3:1 (SB:AA) 47 
Table A-21:  Sample analysis from titration method for molar ratio of 3:1 (SB:AA) 47 
Table A-22:  Experimental details for molar ratio of 4:1 (SB:AA) 48 
xi 
 
 
Table A-23:  Data for KOH standardization for molar ratio of 4:1 (SB:AA) 48 
Table A-24:  Sample analysis from titration method for molar ratio of 4:1 (SB:AA) 48 
Table A-25:  Experimental details for 1 vol % of catalyst loading 49 
Table A-26:  Data for KOH standardization for 1 vol % of catalyst loading 49 
Table A-27:  Sample analysis from titration method for 1 vol % of catalyst loading 49 
Table A-28:  Experimental details for 2 vol % of catalyst loading 50 
Table A-29:  Data for KOH standardization for 2 vol % of catalyst loading 50 
Table A-30:  Sample analysis from titration method for 2 vol % of catalyst loading 50 
Table A-31:  Experimental details for 3 vol % of catalyst loading 51 
Table A-32:  Data for KOH standardization for 3 vol % of catalyst loading 51 
Table A-33:  Sample analysis from titration method for 3 vol % of catalyst loading 51 
Table A-34:  Experimental details for 4 vol % of catalyst loading 52 
Table A-35:  Data for KOH standardization for 4 vol % of catalyst loading 52 
Table A-36:  Sample analysis from titration method for 4 vol % of catalyst loading 52 
Table C-37:  Standard curve data for Sorbitol, Azelaic Acid and Iso-sorbide 71 
Table C-38:  Liner equation and R2 value for Sorbitol, Azelaic Acid and Iso-sorbide 71 
Table C-39:  Peak area and concentration of sorbitol at different temperature 73 
Table C-40:  Peak area and concentration of azelaic acid at different temperature 73 
Table C-41:  Peak area and concentration of isosorbide at different temperature 73 
Table C-42:  Peak area and concentration of sorbitol at different molar ratio 74 
Table C-43:  Peak area and concentration of azelaic acid at different molar ratio 74 
Table C-44:  Peak area and concentration of isosorbide at different molar ratio 74 
Table C-45:  Peak area and concentration of sorbitol at different catalyst loading 75 
Table C-46:  Peak area and concentration of azelaic acid at different catalyst loading 75 
Table C-47:  Peak area and concentration of isosorbide at different catalyst loading 75 
 
  
 
 
 
 
 
 
xii 
 
 
LIST OF FIGURES 
 
Figure No.      Title       Page 
Figure 2-1: Synthesis diagram of PU (DTE) and PU (Gly) 6 
Figure 2-2: Condensation process in direct esterification reaction 8 
Figure 2-3: Reaction scheme for chemical synthesis of poly (glycerol sebacate) 9 
Figure 2-4: Anhydrization scheme of sorbitol 11 
Figure 3-1: The experimental setup of esterification reaction study 16 
Figure 3-2: Flowchart of esterification experimental procedure 18 
Figure 4-1: Graph of acid value, AV (mg KOH/g sample) versus time, t (h) at different 
temperature (˚C), molar ratio of 2:1 (SB:AA), catalyst loading of 1 vol % and stirring 
speed of 600 rpm 25 
Figure 4-2: Graph of conversion, X (%) versus time, t (h) at different temperature (˚C), 
molar ratio of 2:1 (SB:AA), catalyst loading of 1 vol % and stirring speed of 600 rpm 26 
Figure 4-3: Graph of acid value, AV (mg KOH/g sample) versus time, t (h) at different 
molar ratio (SB:AA), reaction temperature of 200˚C, catalyst loading of 1 vol % and 
stirring speed of 600 rpm 27 
Figure 4-4: Graph of conversion, X (%) versus time, t (h) at different molar ratio 
(SB:AA), reaction temperature of 200˚C, catalyst loading of 1 vol % and stirring speed 
of 600 rpm 28 
Figure 4-5: Graph of acid value, AV (mg KOH/g sample) versus time, t (h) at different 
catalyst loading, reaction temperature of 200˚C, molar ratio (SB:AA) of 4:1 and stirring 
speed of 600 rpm 30 
Figure 4-6: Graph of conversion, X (%) versus time, t (h) at different catalyst loading, 
(SB:AA), reaction temperature of 200˚C, molar ratio (SB:AA) of 4:1 and stirring speed 
of 600 rpm 30 
Figure C-1: Standard curve of Sorbitol 71 
Figure C-2: Standard curve of Azelaic Acid 72 
Figure C-3: Standard curve of Iso-sorbide 72 
 
 
 
xiii 
 
 
LIST OF ABBREVIATIONS 
 
 
AA   Azelaic acid 
AD   Adipic acid 
AV   Acid value 
BHET   Bis-hydroxyethyl terephthalate 
CAGR   Compounded annual growth rate 
DEG   Diethylene glycol 
DTE   DL-dithiothreitol 
DMT   Dimethyl terephtalate 
EG   Ethylene glycol 
GC   Gas chromatography 
HMDS   Hexamethyldisilazane 
HDI   Hexamethylene diisocynate 
IPDI   Isophrone diisocynate 
KHP   Potassium hydrogen phthalate 
KOH   Potassium hydroxide 
PET   Polyethylene terephthalate 
PU   Polyurethane 
PCL   Poly(ε-caprolactone) 
PGS   Poly(glycerol sebacate) 
PPS   Poly(poly sebacate) 
SB   Sorbitol 
SFAE   Sorbitol fatty acid ester 
TMCS   Trimethylchlorosilane 
TPA   Terephthalic acid 
TPUs   Thermoplastic polyurethanes 
X   Conversion 
1,4-CHDA   1,4- cyclohexanedicarboxylic  
1,4- CHDM   1,4-cyclohexanedimethanol 
HDO   1,6-hexanediol 
